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,QGXVWU\DQGH[LVWLQJOHDQSURGXFWLRQV\VWHPV
$FFRUGLQJ WR WKH *DUWQHU +\SH &\FOH IRU (PHUJLQJ
7HFKQRORJLHVWKHNH\WHFKQRORJ\WUHQGVRYHUWKHQH[WWHQ\HDUV










WKH LQGXVWULDO YLVLRQ WR HQDEOH ³SHRSOH DQG WKLQJV WR EH




6PDUW IDFWRULHVDUH WKHFHQWUDOREMHFWRI ,QGXVWU\7KLV
FRQFHSW ILJXUHV RXW WKHXVDJHRIPRGHUQ DQG IXUWKHU ,7 DQG
FRPPXQLFDWLRQ WHFKQRORJLHV WR HQDEOH KXPDQ EHLQJV
PDFKLQHVSURGXFWVDQGUHVRXUFHVWRH[FKDQJHLQIRUPDWLRQZLWK
HDFK RWKHU$V VKRZQ LQ)LJXUH  ,QGXVWU\  DQG LWV VPDUW
IDFWRULHV DUHSDUWRI DJOREDO ,QWHUQHWRI7KLQJVDQG6HUYLFHV




RI SURGXFWLRQ >@ 7KLV F\EHUSK\VLFDO V\VWHPV FRPELQH WKH




)RUDVXFFHVVIXO LPSOHPHQWDWLRQRI ,QGXVWU\ WKH LQLWLDO
VLWXDWLRQ RI LQGXVWULDO FRPSDQLHV VKRXOG EH FRQVLGHUHG LQ D
VRFLRWHFKQLFDOYLHZ7KHUHFHQWGHFDGHVRIZHVWHUQLQGXVWULDO
SURGXFWLRQZHUHFKDUDFWHUL]HGE\WKHZDYHRIOHDQSURGXFWLRQ
DQG OHDQ PDQDJHPHQW >@ )URP WKLV SHUVSHFWLYH DQ






DGGLQJ DFWLYLWLHV EXW DOVR WR NHHS SURFHVVHV DQG HTXLSPHQW
VLPSOHDQGHDV\WRXVHDVZHOODVHDV\WRPDLQWDLQ7KHDSSURDFK
RI LPSOHPHQWLQJ FRPSOH[ ,7 VROXWLRQV WR FRQQHFW PDFKLQHV
KXPDQ DQG SURFHVVHV FUHDWHV DQ XQVROYHG GLOHPPD EHWZHHQ
OHDQ SURGXFWLRQ DQG ,QGXVWU\  1HYHUWKHOHVV WKLV SDSHU
SUHVHQWV D FRQFHSWXDO IUDPHZRUN WR ILQG OHDQ SURGXFWLRQ
VXSSRUWLQJ,QGXVWU\WHFKQRORJLHV$VVKRZQLQDQLQGXVWULDO
XVH FDVH ,QGXVWU\  FDQ DFKLHYH SRWHQWLDOV WR LQFUHDVH
WUDQVSDUHQF\DQGVWDELOLW\RIOHDQSULQFLSOHIROORZLQJSURFHVVHV
&RQFHSWDQGSULQFLSOHVRIOHDQSURGXFWLRQV\VWHPV
2.1. System elements of production systems 
3URGXFWLRQLVGHILQHGDVIDEULFDWLRQDQGDVVHPEO\DVZHOODV
DOOIXQFWLRQVDQGDFWLYLWLHVGLUHFWO\FRQWULEXWLQJWRWKHPDNLQJ
RI JRRGV >@ 7KH WHUP SURGXFWLRQ V\VWHP GHVFULEHV WKH
FRPSOH[ LQWHUUHODWLRQ RI WHFKQLFDO IXQFWLRQV DQG KXPDQ
IXQFWLRQV DV ZHOO DV WHFKQLFDO FRPSRQHQWV DQG KXPDQ
FRPSRQHQWV DV D VRFLRWHFKQLFDO V\VWHP >@ 7KLV V\VWHP
RULHQWHGPDQDJHPHQWDSSURDFKLVEDVHGRQWKHV\VWHPVWKHRU\
DQGWKHWKHRU\RIF\EHUQHWLFV>@7KHVRFLRWHFKQLFDOV\VWHP
FRQVLGHUV LQWHUGHSHQGHQW KXPDQ WHFKQLFDO VRFLDO DQG
RUJDQL]DWLRQDO VXEV\VWHPV FRQQHFWHG YLD RSHQ LQWHUDFWLRQV
ZLWKWKHLUHQYLURQPHQW>@




PDQDJHPHQW SKLORVRSK\ WR FRPSOHWHO\ HOLPLQDWH WKH VHYHQ
IRUPV RI ZDVWH 0XGD DQG WR SURGXFH SURILW WKURXJK FRVW
UHGXFWLRQ>@7KH736GHILQHVHYHU\WKLQJWKDWGRHVQRWFUHDWH
YDOXH DV ZDVWH LQFOXGLQJ RYHUSURGXFWLRQ ZDLWLQJ IRU ZRUN
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IRU WKH /HDQ 3URGXFWLRQ SULQFLSOHV 7KH WULDQJOH URRI



















6WDUWLQJ IURP WKLV -DSDQHVH PDQDJHPHQW SKLORVRSK\
ZHVWHUQ FRPSDQLHV EHJDQ WR GHYHORS WKHLU RZQ SURGXFWLRQ
V\VWHPDQGVHYHUDOLPSOHPHQWDWLRQDSSURDFKHV>@
7KH UDWH RI VXFFHVVIXO /HDQ 3URGXFWLRQ LPSOHPHQWDWLRQ
YDULHG GHSHQGLQJ RQ WKH FRPSDQ\ VL]H 1RZDGD\V PRVW










LQYHVWLJDWLRQV LQWR QHZ EXVLQHVV PRGHOV DV ZHOO DV WKH
GHYHORSPHQWRIQHZEXVLQHVVSURFHVVHV>@
7R LGHQWLI\ OHDQ SURGXFWLRQ VXSSRUWLQJ LQGXVWU\ 
WHFKQRORJLHVWKHIRFXVRIWKLVSDSHUZLOOEHVHWRQWKHWHFKQLFDO
SHUVSHFWLYHVRI F\EHUSK\VLFDO V\VWHPV &36 LQWHJUDWHG LQWR
DQLQGXVWULDOHQYLURQPHQW
$ TXDQWLWDWLYH DQDO\VLV RI SXEOLFDWLRQ GDWDEDVHV SXWV WKH
LQYHVWLJDWLRQVDURXQG,QGXVWU\LQWRDQLQWHUQDWLRQDOFRQWH[W
&KLQD 86$ *HUPDQ\ 8QLWHG .LQJGRP DQG 6RXWK .RUHD
GRPLQDWLQJUHVHDUFKRQ,QGXVWU\WHFKQRORJLHV%HWZHHQWKLV




EDVHG SK\VLFDO SURFHVV GDWD DFTXLVLWLRQ FRPELQHG ZLWK




SK\VLFDO SURGXFWLRQ V\VWHP &336 %DVHG RQ WKH HOHPHQWV
FRQQHFWHG GDWD DFTXLVLWLRQ GDWD SURFHVVLQJ PDFKLQH WR









3.2. Data acquisition and data processing 
'DWDDFTXLVLWLRQDQGGDWDSURFHVVLQJDUHWKHHQDEOHURI&36
7HFKQRORJLHVRIWKLVFOXVWHUPHUJHKDUGZDUHEDVHGsensors and 
actuators WR LQWHUDFW ZLWK WKH SK\VLFDO ZRUOG $Q DGGLWLRQDO
PLGGOHZDUH HQDEOHV VHUYLFHV OLNH cloud computing >@ )RU
WKDW UHDVRQ VR FDOOHG VPDUW REMHFWV DUH HTXLSSHG ZLWK
PLFURHOHFWURQLF VHQVRUV FRPPXQLFDWLRQ DQG SURFHVVLQJ
PRGXOHV $V UHVXOW SURGXFWV UHVRXUFHV PDFKLQHV DQG








GDWDGLUHFWO\RXWRI WKHPDFKLQHV WR LGHQWLI\ LQVWDEOHSURFHVV
SDUDPHWHUV RU DYRLG TXDOLW\ LVVXHV LQVLGH GHILQHG WROHUDQFH
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UDQJHV$SUHGLFWLYHPDLQWHQDQFHLVRQHSRVVLEOHUHVXOWRIWKLV
DSSOLFDWLRQ %DVHG RQ ELJ GDWD DQ HYDOXDWLRQ RI EXVLQHVV






3.3. Machine to machine communication (M2M) 
2QH RI WKHPDLQ DVSHFWV RI WKH YLVLRQ ,QGXVWU\  LV WKH
PDFKLQH WR PDFKLQH FRPPXQLFDWLRQ 00 EDVHG RQ &36
7KH FRQFHSW EHKLQG LV WR HQDEOH LQWHOOLJHQW DSSOLFDWLRQV OLNH
DXWRDGDSWLYH FRQWUROOLQJ RI LQWHUFRQQHFWHG PDFKLQHV DQG
HTXLSPHQWZLWKRXWKXPDQLQWHUDFWLRQ>&KHQ@7KH00
FRQFHSW FRPELQHV WKH DSSURDFK RI YHUWLFDO DQG KRUL]RQWDO




V\VWHP FRQWDLQ LQIRUPDWLRQ DERXW WKH SURGXFWLRQ SURFHVV
SDUDPHWHUV RI HYHU\ VLQJOH SURGXFW $ JDSOHVV YHUWLFDO
LQWHJUDWLRQ HQDEOHV DQ LQGLYLGXDO RQHSLHFHIORZ ZLWKRXW
PDQXDO FKDQJH RYHUV >@ 7KH DSSURDFK RI KRUL]RQWDO
LQWHJUDWLRQ VSHFLILHV WKH JOREDO FRPPXQLFDWLRQ EHWZHHQ
PDFKLQHVRQWKHVDPHOHYHO,QWKHFDVHRIDFDSDFLW\FRQVWUDLQW
LQ SURGXFWLRQ WKH FRQQHFWHG PDFKLQHV FDQ ILQG DYDLODEOH
FDSDFLWLHV LQ WKH QHWZRUN %DVHG RQ WKLV LQIRUPDWLRQ WKH
SURGXFWLRQSURFHVVFDQEHFKDQJHGDXWRQRPRXVDFFRUGLQJ WR
DQDXWRDGDSWLYHSURGXFWLRQSODQ>@
3.4. Human-machine interaction (HMI) 
7KH DSSURDFK RI LQGXVWULDO KXPDQ PDFKLQH LQWHUDFWLRQ
+0, EDVHV RQ WKH LQIRUPDWLRQ VKDULQJ DQG FROODERUDWLRQ
EHWZHHQSURGXFWLRQPDFKLQHVDQGHPSOR\HHVE\LQWHUIDFHVOLNH




RQ SURFHVVHV OHYHO >@ $Q H[DPSOH IRU D KXPDQPDFKLQH










WKH LPSDFWV RI ,QGXVWU\  VROXWLRQV RQ H[LVWLQJ OHDQ
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,QWKHILUVWSKDVHRIWKLVSURMHFWZDVGHDOLQJZLWKSRVVLEOH
LPSDFWV RI ,QGXVWU\  WHFKQRORJLHV RQ H[LVWLQJ OHDQ
SURGXFWLRQ V\VWHPV )LUVW RI DOO EDVHG RQ D UHVHDUFK RQ OHDQ
SURGXFWLRQ FRQFUHWH OHDQ SULQFLSOHV ZHUH LGHQWLILHG DQG










%\ WKH UHDVRQ WKDW PRVW ,QGXVWU\  SURMHFWV DUH QRW
VXFFHVVIXOO\LPSOHPHQWHGQRZWKHFXUUHQWVWDWHRIWKLVPDWUL[
VKRZV HVWLPDWHG YDOXHV JHQHUDWHG LQ DPRGHUDWHG ZRUNVKRS
ZLWK  ,QGXVWU\  SURMHFW OHDGHUV IURP WKH FRRSHUDWLQJ
DXWRPRWLYH FRPSDQ\(LJKWPHPEHUV RI WKLVZRUNVKRSZHUH
OHDQ SURGXFWLRQ H[SHUWV WRR DQG DGG WKHLU YLHZSRLQW RI ERWK
GLVFLSOLQHV
,Q WKDW ZRUNVKRS WKH WHFKQRORJLHV ZHUH UDWHG E\ WKH
HVWLPDWHGLPSDFWRQWKHQDPHGOHDQSURGXFWLRQSULQFLSOHV7KH
YDOXDWLRQ FRGH ³´ PHDQV WKDW WKHUH FDQ EH D ORZ SRVLWLYH
LPSDFWRI WKLV,QGXVWU\ WHFKQRORJ\RQ WKLV OHDQSULQFLSOH
7ZRUDWHV³´VKRZVDKLJKHVWLPDWHGLPSDFWDQGWKUHHUDWHV
³´ VWDQG IRU WKH KLJKHVW SRVVLEOH LPSDFW IURP WKH
WHFKQRORJ\RQWKHFRUUHVSRQGLQJOHDQSURGXFWLRQSULQFLSOH7R
IDFH WKH IDVW GHYHORSPHQW LQ WKLV ILHOG WKHPDWUL[ VKRXOG EH








5.1. Developing process for a cyber-physical Just-in-Time 
delivery solution based on the Industry 4.0 impact matrix 




7KH GHYHORSLQJ SURFHVV RI WKLV VROXWLRQ VWDUWHG LQ DQ
DXWRPRWLYHFRPSDQ\ZLWKDQLQWHJUDWHGOHDQSURGXFWLRQV\VWHP
RQDKLJKPDWXULW\OHYHO
,Q WKH ILUVW VWHS D UHYLHZ RQ LQWHUQDO OHDQ SURGXFWLRQ
DVVHVVPHQWVVKRZVDSRWHQWLDOLQWKHSURFHVVVWDELOLW\RIMXVW
LQWLPHGHOLYHU\IRUHOHFWULFDODVVHPEO\SDUWV)RUWKDWUHDVRQ
WKH SURFHVV GHVFULSWLRQ RI WKH LPSOHPHQWHG -,7 SURFHVVZDV
DQDO\]HGDVZHOODVWKHUHDOSURFHVVLQWKHSURGXFWLRQ
,QWKHVHFRQGVWHSDWKHRUHWLFDOUHVHDUFKRI-,7ZDVGRQHWR
H[WUDFW WKH PDLQ DVSHFWV RI WKLV SULQFLSOH DV D EDVH IRU WKH
IXUWKHUVROXWLRQGHYHORSPHQW
7KH ILUVW NQRZQ GHILQLWLRQ IURP2+12 LQ  GHVFULEHV
-XVWLQ7LPHDV³WKHDFWRIKDYLQJ WKHULJKWSDUWVDW WKHULJKW
WLPH DQG DW WKH ULJKW DPRXQW´ >@7KLV SULQFLSOH DLPV WR D
PDWHULDOIORZRULHQWHGWRWKHFXVWRPHUQHHGV/DWHUGHILQLWLRQV
IRFXVLQJRQ-,7DVDSKLORVRSK\FRQFOXGHGZLWKWKHJRDORIWKH
UHGXFWLRQ RI ZDVWH LQ WKH HQWLUH SURGXFWLRQ V\VWHPZLWK WKH
SULQFLSDODLPRISURGXFWTXDOLW\>@,QWKLVFRQWH[WPDLQSDUWV
RIZDVWHDUHVDIHW\VWRFNZRUNLQSURJUHVVDQGRYHUSURGXFWLRQ
7KH V\VWHP WR UHGXFH WKHVH NLQGV RI ZDVWH LV WR OHW HYHU\




>@.DQEDQ LV WKHSURGXFWLRQVFKHGXOLQJSURFHVV WRFRQWURO
-,7EHWZHHQPDFKLQHVDQGZRUNVWDWLRQVZLWKVRFDOOHG.DQEDQ
FDUGV>@7KLVFDUGVDUHFLUFXODWLQJEHWZHHQHYHU\VRXUFHDQG






SRVLWLYH LPSDFWRQ WKH -,7SURFHVV ,Q WKHPDWUL[ WKHKLJKHVW
VXSSRUW LV HVWLPDWHG E\ WKH LQWHJUDWLRQ RI big data data 
analytics DQG D vertical integration of machine to machine 
communication 7KH IROORZLQJ GHYHORSPHQW SURFHVV ZDV
IRFXVLQJ RQ WKH LPSOHPHQWDWLRQ RI WKLV WHFKQRORJLHV DV WKH
IRXUWKVWHSRIWKLVSURFHGXUH
7KH VWDUWLQJ SRLQW RI WKH GHYHORSHG F\EHUSK\VLFDO
DSSOLFDWLRQ ZDV WR UHSODFH WKH .DQEDQ FDUGV E\ D YHUWLFDO
LQWHJUDWHGVROXWLRQRIPDFKLQHWRPDFKLQHFRPPXQLFDWLRQ7KH
FRQFHSW )LJ ZDV WR FUHDWH D JDSOHVV LQIRUPDWLRQ IORZ
EHWZHHQPDQXIDFWXULQJRUGHUPDWHULDOGHOLYHU\PDWHULDOVWRFN
DQGPDWHULDO FRQVXPSWLRQ DV ZHOO DV DQ DXWRPDWLF SXUFKDVH
RUGHU WR WKH VXSSOLHU 2Q WKLV SRLQW SDUWV RI KRUL]RQWDO
LQWHJUDWLRQ ZHUH DGGHG )RU WKH LPSOHPHQWDWLRQ D GDWD EDVH
UHGHVLJQ RQ WKHPDQXIDFWXULQJ H[HFXWLYH V\VWHP 0(6ZDV
QHFHVVDU\$QDGGLWLRQDO-,7VHUYLFH WDVNZDVGHYHORSHGDQG





WKH VKRS IORRU (YHU\ PDWHULDO PRYHPHQW JHWV GHWHFWHG E\
VHQVRUV DQG SRVWHG LQWR D EDVLF ELJ GDWD DUFKLWHFWXUH 7KH
UHTXLUHGPDWHULDOJHWVUHVROYHGRXWRIWKHPDQXIDFWXULQJRUGHU
DQG JHWVPDWFKHGZLWK WKHPDWHULDO VWRFN LQ WKHZDUHKRXVH




EULQJV WKHPDWHULDOVWRFN WR WKHG\QDPLFPLQLPXPLQYHQWRU\
OHYHODQDXWRPDWLFSXUFKDVHRUGHUZLOOEHVHQWWRWKHVXSSOLHU
'HOLYHUHGPDWHULDOZLOOEHSRVWHGDXWRPDWLFDOO\E\DQRSWLFDO
5),' V\VWHP DQG FRQVLGHUHG LQ WKH IRUHFDVW RI PDWHULDO
UHTXLUHPHQWV 7KH SURJQRVWLF PDWHULDO UHTXLUHPHQW LV
FDOFXODWHGE\DQDQDO\WLFVVHUYLFHRQVWDWLVWLFDOGDWDLQWKLVGDWD
DUFKLWHFWXUH 7KH DQDO\WLFV VHUYLFH FRPSDUHV WKH DYDLODEOH
LQIRUPDWLRQZLWK D GLJLWDOPRGHO RI WKH FRPSOHWH SURFHVV WR
GHFLGHRQVWDUWLQJDXWRPDWLFSXUFKDVHRUGHUVWRWKHVXSSOLHU
$QDGGLWLRQDOEHQHILWZDVJLYHQE\WKHLQFUHDVLQJOHYHORI
WUDFHDELOLW\ DQG SURFHVV UHOLDELOLW\ 7KH LPSOHPHQWHG F\EHU






5.2. Assessment of Cyber-physical Just-In-Time delivery 
)RU WKH HYDOXDWLRQ RI WHFKQLFDO ,QGXVWU\  VROXWLRQV WKH
F\EHUSK\VLFDOSURGXFWLRQV\VWHP&336DVVHVVPHQWJLYHVD
VXLWDEOH IUDPHZRUN 7KLV PHWKRG LV EDVHG RQ WKH KROLVWLF
DSSURDFK RI LQWHUDFWLQJ SK\VLFDO FRPSRQHQWV YLUWXDOGLJLWDO
FRPSRQHQWV DQG HPSOR\HHV >@ $FFRUGLQJ WR WKLV WKH
DVVHVVPHQW OHYHOV DUH GHILQHG DV SK\VLFDO ZRUOG GDWD
DFTXLVLWLRQF\EHUZRUOGDQGIHHGEDFN&RQWURO>@DQGFRYHUV
WKHHOHPHQWVRI,QGXVWU\WHFKQRORJLHV
7KH Physical World RI WKH F\EHUSK\VLFDO -XVWLQ7LPH
GHOLYHU\V\VWHPLV UHSUHVHQWHGE\ WKHSK\VLFDOPDWHULDO IORZ
'HVLJQ DQG FRQWURO DFWLRQV DUH EDVHG RQ GHILQHG SURFHVV
SDUDPHWHUV 7KH PDWHULDO IORZ DQG UHRUGHU LV FRQWUROOHG E\
LQIRUPDWLRQ DERXW SODFHG PDQXIDFWXULQJ RUGHUV ZDUHKRXVH
VWRFN FDOFXODWHG PDWHULDO FRQVXPSWLRQ DQG SRVWHG PDWHULDO




7KH PHDVXUHG GDWD DUH LQ WKH IRFXV RIData Acquisition
DVVHVVPHQWVWHS0HDVXUHSRLQWVRIPDWHULDOIORZDUHJDSOHVV
LPSOHPHQWHG DORQJ WKH SK\VLFDO PDWHULDO IORZ VR WKDW DOO
UHTXLUHG LQIRUPDWLRQ RI WKH V\VWHP LV DYDLODEOH DOO WKH WLPH







7KH YLUWXDO SURFHVV PRGHO RI WKH V\VWHP VWDQGV IRU WKH
cyber world7KHLPSOHPHQWHGPRGHOEDVHGRQGLVFUHWHHYHQWV
WULJJHUHGE\DXWRPDWLFPDWHULDO VWRFNSRVWLQJV UHSUHVHQWV WKH
FRPSOHWH PDWHULDO IORZ LQFOXGLQJ WKH RUGHULQJ SURFHVV 7KH
RSHUDWLQJRIWKHV\VWHPRFFXUVLQDSURSHUWLPHIRUWKHJLYHQ
DSSOLFDWLRQV DQG IXOILOOV WKH UHTXLUHPHQWV IRU DVVHVVPHQW
OHYHO,,,
7KHDVVHVVPHQWOHYHORIWKHHOHPHQWIHHGEDFNFRQWUROJHWV
HYDOXDWHG DFFRUGLQJ WR WKH FRQYHUVLRQ RI SURFHVVHG GDWD IRU
LQWHUDFWLRQDQGKXPDQLQWHJUDWLRQ,QWKHF\EHUSK\VLFDO-XVW
LQ7LPH GHOLYHU\ DSSOLFDWLRQ DQ DXWRPDWLF FRQWURO RI WKH
PDWHULDO LQYHQWRU\ LV JLYHQ LQFOXGLQJ DQ DXWRPDWLF RUGHU









DQG WKLQNLQJ SURFHVVHV LQ WKH ZRUN V\VWHP $ FKDQJH IURP
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WHFKQRORJLHVDUHPDWFKLQJZLWKOHDQSURGXFWLRQHQYLURQPHQWV
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